Eagle-Picher Ind.
A two-cell series-connected common pressure vessel b a t t e r y has been successfully designed, produced and t e s t e d i n a j o i n t e f f o r t by Rockwell and Eagle-Picher. The prototype u n i t i s o f 40 amperehour size. IPV's ( I n d i v i d u a l Pressure Vessels) t o which i t i s equivalent i n power, i t o f f e r s a 19% improvement i n energy density.
Perhaps more s i g n i f i c a n t l y , i t a l s o o f f e r s a 30% reduction i n volume and a nearly 50% reduction i n the b a t t e r y f o o t p r i n t on t h e thermal r a d i a t o r w a l l o f a communications s a t e l l i t e . This smaller f o o tp r i n t may be o f p a r t i c u l a r advantage f o r those a p p l i c a t i o n s r e q u i r i n g smaller capacity b a t t e r i e s ( 5 t o 25 ampere-hours) and which have a crowded thermal panel.
A physical d e s c r i p t i o n o f the prototype module i s provided i n Table 1 . Note t h a t energy density i s p a r t i c u l a r l y good: 61.8 watt-hours per kilogram.
I n comparison w i t h two 40 ampere-hour 2. Development H i s t o r y A cormnon pressure vessel c o n f i g u r a t i o n i n n i c k e l hydrogen b a t t e r i e s consists o f two o r more seriesconnected c e l l s i n a s i n g l e pressure vessel, where the a v a i l a b l e hydrogen gas i s common t o a l l the c e l l s . The e l e c t r o l y t e o f each c e l l must, however, remain i s o l a t e d from the other c e l l s t o prevent s h o r t i n g o r open-circuit dry-out due t o vapor t r a n s f e r and/or e l e c t r o l y t e r e d i s t r i b u t i o n .
Early appreciation f o r the problems and advantages o f the CPV c o n f i g u r a t i o n were acquired by b u i l d i n g and t e s t i n g a f o u r -c e l l CPV b o i l e r p l a t e u n i t i n 1978. Rockwell reported the apparent feasi b i 1 i t y of the technology and problems needing r e s o l u t i o n t o the Goddard Space F l i g h t Center b a t t e r y workshop t h a t year. F e a s i b i l i t y o f t h e CPV concept was f u r t h e r confirmed by E I C Laboratories between J u l y 1979 and February 1982 under a c o n t r a c t w i t h AFWAL. Work on a CPV development program by Hughes under an AFWAL c o n t r a c t was r e d i r e c t e d i n l a t e 1982 t o l a r g e r I P V c e l l development because " l a r g e r I P V c e l l s represented a nearer-term technology w i t h fewer development r i s k s and costs involved." I n FY 1983 Rockwell concluded t h a t a seriesconnected two-cell CPV could be constructed i n a tandem arrangement on e i t h e r side o f a n e a r l y s o l i d weld r i n g ( w i t h one bus-bar aperture) t o form a module w i t h a l l of the m u l t i c e l l advantages and v i r t u a l l y none o f the problems.
A sumnary o f Rockwell's e f f o r t s i n the development o f the CPV concept i s given i n Table 2 .
Prototype Development
Using proven production technology from I P V programs Eagle-Picher constructed a 40 ampere-hour proof-of-concept d u a l -c e l l module and d e l i v e r e d i t t o Rockwell i n June of 1984 as p a r t o f a j o i n t p r o p r i e t a r y development e f f o r t . This b a t t e r y was then placed on a mid-earth-orbit l i f e c y c l e a t approximately 50% DOD. The b a t t e r y i s s t i l l performing s t r o n g l y a t t h i s date w i t h nearly 10,000 cycles completed. There has been no evidence of e l e c t r o l y t e problems nor any voltage weaknesses.
Prototype Test D e t a i l s
The performance o f the prototype module during i t s i n i t i a l acceptance t e s t s i s tabulated i n Table 3 . These t e s t s included a capacity r e t e n t i o n cycle during which the capacity was measured a f t e r the module was l e f t fully-charged on open c i r c u i t f o r 72 hours. The r e s u l t s o f t h i s t e s t were comparable t o those f o r f l i g h t -q u a l i t y IPV's.
The module has continued t o perform w e l l during l i f e -c y c l e testing. Capacity r e t e n t i o n r e s u l t s have ranged from 80 t o 88 percent. See Table 4 . The capacity has been measured a t f a i r l y r e g u l a r i n t e r v a l s during the l i f e t e s t and has r i s e n and then f a l l e n somewhat. t o 1.0 v o l t s i s s t i l l e x c e l l e n t a t 46.1 amperehours, v i r t u a l l y i d e n t i c a l t o the i n i t i a l acceptance t e s t value. displayed i n Table 5 .
The l i f e cycle t e s t i n g i s , a t t h i s w r i t i n g , approaching 10,000 cycles. temperature, voltage, etc., i s shown i n Figures 1 and 2 (charge and discharge respectively). These data are f o r cycle no. 9591.
However, the l a t e s t capacity
The capacity t r e n d data are A t y p i c a l cycle, i.e.
Conclusions
The difficulties in developing the common pressure vessel concept for nickel-hydrogen cells are probably less severe than had a t f i r s t been feared. A t least in the two-cell version excellent results have been obtained with no apparent problems in internal shorting or electrolyte imbalances.
The concept provides definite, measurable benefits in energy density. When used in a larger battery, the two-cell CPV will result in lower IR-drop loss because the internal connections between the two cells of each unit are shorter t h a n i f the pressure vessels were separate, and because only half the number of external connections i s required. B u t more importantly, only half the number of thermal mounting sleeves will be required.
The dual-cell CPV concept embodied here entails a minimum of risk because almost a l l the technology i s flight-proven. The same concepts which appear to offer improvement to the standard IPV design can be equally-applied t o the CPV module. include fiber-mat nickel plates, reduced platinum catalyst electrodes and alternative separator designs. the effect of variations in the thermal environment on the CW vis a vis the IPV design.
As a follow-on t o the proof-of-concept module Eagle-Picher i s presently testing four flightquality modules. These embody zirconium-oxide separators and high-porosity nickel electrodes. The specification sheet for this design i s provided as Table 6 . The i n i t i a l t e s t results appear t o confirm those from the prototype.
These
One area that does need more study i s Two IPV c e l l s and a dual c e l l CPV module evaluated.
Four c e l l CPV b o i l e r p l a t e t e s t e d t o synchronous e c l i p s e season parameters.
Two AFWAL furnished 50 A-H c e l l s were characterized.
AFWAL c e l l s evaluated. CPV b a t t e r y sized f o r SC-90 study.
Advantages of dual c e l l , CPV, configuration f o r GPS noted i n b a t t e r y options study.
Accelerated cycle l i f e evaluation t e s t i s continuing on a dual c e l l , CPV, module. --- 
